Sleep is generally considered to be restorative and the notion of exercise being associated with the changes in subsequent sleep is popular but has only recently been demonstrated. There are several facets of exercise performed that have an influence on sleep. These include the intensity and duration of the exercise, and the interval between the cessation of exercise and sleep onset. Other factors that may alter sleep after exercise are the age and fitness of the subject, and his lean body mass. Most studies on the effect of exercise on sleep can be interpreted as being partially or totally supportive of the restorative theory of sleep function.
Sleep deprivation alters performance and one may expect that, as with other physiological parameters that have a normal range, certain sleep patterns may be conducive to better athletic performance. Sleep patterns may be influenced by physical training. Extreme endurance events result in sleep deprivation. It is important to identify the clinical manifestations of this sleep deprivation.
The interaction of exercise and sleep has implications for both theoretical models of sleep function and practical aspects of athletic performance.
Sleep is the period that is popularly recognised as a time when the body is "restored". This popular recognition has only in the past ten years gained scientific credibility. One of the approaches that have been used to look at the question of sleep function is to study the effect of exercise on sleep. These studies have produced superficially contradictory results, but I hope to show that the majority of these studies show an effect of exercise on sleep consistent with the theory that sleep is a recovery process for daytime activity.
Unfortunately there are few studies on the effect of sleep (or sleep loss) on athletic performance. There are many studies on the effect of sleep (and sleep lack) on performance and vigilance and some of these are summarised briefly, as it is reasonable to expect that the conclusions that can be drawn from them can be extrapolated to athletic performance.
There are almost 30 studies in the literature on the effect of exercise on sleep. From these studies it is difficult to establish definite changes that occur during sleep after exercise, as these experiments have had several variables, which differed in the different experiments. These differences have included: the intensity and duration of the exercise; the interval between cessation of exercise and sleep onset; fitness of subjects; lean body mass; and subjects' age ranges. There are reasons to be found in the literature to suggest that all these variables may have some bearing on the effect that exercise has on sleep. It would seem that the most important variable is that of intensity of exercise. There are many reports in which work load is not described, but most reports give some perspective of the total amount of exercise performed. The range is wide and includes isometric exercise ("80 minutes at 40% of maximal level") in the most recently reported study of Browman and Cartwright (1980) , and running 92 kilometres in another study by Shapiro (1978 and 1979) . It is not surprising that these two activities produce different effects on sleep patterns, although it is interesting that the changes induced by both these exercise events is in the same direction. If one considers sleep to be a recovery process for daily activity then the effect of exercise on sleep could be to the extent that it changes daily activity. Astrand (1976) has pointed out that "the basal metabolic rate in humans is quite high; 5,500-7000 KJ during a 24 h period being a realistic figure for an adult, which is equivalent to an extra energy demand of walking about 18 miles (30 km)". With this in mind it is not surprising that studies in which greater levels of exercise have been performed have produced (quantitatively) greater changes in sleep patterns. In other studies the changes after low levels of exercise have been confined to certain parts of the sleep recording, for example, the first sleep cycle (approximately the first one and a half hours of sleep). In these situations one may imagine that the recovery process has occurred in this time and therefore the remainder of sleep is unaltered.
On the basis of electro-encephalogram, electrooculogram, and electromyogram recordings, sleep can be divided into two major types: rapid-eye-movement (REM) sleep, which is associated with dreams, and non-REM (NREM) sleep. NREM can be subdivided into four stages. Stages 3 and 4 together are often referred to as slow-wave sleep (SWS), because of the high-amplitude, low-frequency waves seen on the EEG recording during these stages. As with most physiological parameters, the amounts of the components of sleep show a normal distribution, which is both age-and, to a lesser extent, sex-dependent. Other aspects of sleep that are commonly considered when studying sleep records include sleep latency (time from lights out to stage 2 sleep), sleep duration (total amount of sleep) and movement time (or percentage) during sleep. In 1970, Oswald suggested that slow-wave sleep (stages 3 and 4)
is the most important component of the restorative function of sleep. Experiments have shown that the amount of slow-wave sleep is dependent on the duration of preceeding wakefulness (Webb and Agnew 1971) .
Human responsiveness (on the basis of a variety of measures) is lowest during SWS (for references see Oswald (1980) ). If one considers metabolic activity, several factors that increase metabolism show increases of slow-wave sleep, and conversely decreased levels of SWS accompany decreased metabolism (Table 1) .
On a basis of these observations and the prediction that SWS is the most significant component of the recovery process of sleep for daily activity, one would expect SWS to increase following exercise (provided that the amount of exercise is sufficient significantly to alter daily metabolism). This prediction implies a shift in the proportion of sleep occupied by its different components (i.e. an increase in 3 and 4 and a decrease of other stages). As mentioned above it is possible that this shift may be a temporal one and not only a quantitative one. There are other ways in which sleep may be more restorative. If total sleep time is longer then the absolute amount of SWS would be greater even with the proportion of the stages within sleep being constant. If this is the case one would expect (experimental) longer sleep duration and possibly shorter sleep latency. A third alternative may be that there is some "intensity" component to SWS. An analogy can be made with REM sleep in which one may have two dream periods of equal duration but one of them may show a vastly increased number of actual eye movements in this given period, which may suggest an intensity component in the REM record. There are several metabolic correlates of SWS. Amongst the most notable of these is the synchrony of growth hormone release during SWS (Parker et al, 1969) , and the low level of oxygen consumption during SWS (Brebbia and Altschuler, 1965) . In animal studies the actual amplitude of the EEG has been shown to be greater (and frequency lower)-in situations in which "intense" SWS may be expected (Borbely, 1978) . Friedman, et al (1979) have also considered aspects of "sleep intensity" in rats, and did not find increased intensity with extra exercise after sleep deprivation. If there is an "intensity" component to SWS then it is quite possible that the proportion of SWS (i.e. SWS as a percentage of total night sleep) and absolute duration of SWS may remain constant and yet sleep may have a variable restorative value. Growth hormone (an anabolic and hence potentially "restorative" hormone) may be a component of this intensity factor of SWS. The observation by Adamson et al (1974) , that growth hormone release during sleep is greater following exercise certainly gives credence to this notion, particularly as SWS was not increased in this study. In the only other study of this type, Zir et al (1971) , showed no significant increase There are no studies that show all of these changes, but almost all studies on the effect of exercise on sleep have shown these changes to some extent. The studies are very variable and some of the authors would probably not agree that their work support the hypothesis. However, when one considers that the EEG measure of SWS is really perhaps a crude approximation of the essence of the restorative nature of sleep, it would seem that the overall pattern of results that suggests greater recovery after exercise is quite definite.
The few studies that have addressed the question of subjective feeling after exercise have generally concluded that subjects feel more tired and more sleepy after exercise and, if the exercise is not too extreme, they feel that they sleep better. A different aspect of the interaction of sleep and exercise is the effect of the various sleep patterns on athletic performance. A diurnal variation in performance has previously been demonstrated by Rodahl et al (1976) . Although no direct studies of this type have been carried out it would be reasonable to predict that, as with other physiological parameters that have a normal range, certain sleep patterns may be conducive to better athletic performance. This is supported by two types of studies. Firstly, in comparing fit and unfit subjects, Griffen and Trinder (1978) have shown greater levels of SWS in the fit subjects and Walker et al (1978) (1969) show that to detect performance impairment after sleep deprivation the shorter the deprivation the longer the performance test required.
It has been shown by Davey (1973) , that physical exertion and sleep deprivation interact to produce a deterioration of performance. Wilkinson, et al (1966) showed that "less than 5 hours sleep on a single night impaired vigilance; less than 3 hours impaired calculation".
There are many situations in which sleep is disturbed prior to an athletic event: recent change in time zone; excitement of the athlete causing early arousal; and early start of the event (especially an endurance (i.e. longer) event) requiring early arousal. All these factors will disturb sleep, and hence probably alter performance.
Some of the effects of time zone changes include repeated early morning awakenings (Evans et al, 1972) and particularly with eastward time zone changes there is more movement recorded during sleep and more Stage 1 sleep as well as less REM sleep (Hume, 1980 (Klein et al, 1970) . This suggests that peak performance will not be achieved within approximately 1 week of a time zone change of 8 hours.
A final point relating to sleep in the athlete is that there are certain extreme endurance events that require marked sleep deprivation. It would seem prudent that these events have medical cover. In addition, an awareness by the athlete's "back-up team" of the potential effects of sleep deprivation on the athlete should be appreciated. This subject has been recently reviewed by Opstad et al (1978) . Dr. Shapiro: Sleeping tablets do alter sleep patterns, producing particularly a reduction in REM sleep. In general, I'd say it is undesirable to take sleeping tablets, particularly very close to the event; the effects carry over for several days, depending on how long the tablets have been taken for. The levels of some of the drugs build up in the system and, for example, skilled activity may be impaired for quite a time after the tablets are taken. A real problem may exist if, before an event, the subject is excited and unable to sleep without sleeping tablets; this may happen for instance, in a university student before an examination. I wouldn't like to give a definite recommendation on this. Ideally, what one is looking for is a short-acting drug that will allow people to fall asleep quickly but have no further effect, and I'm sure this will be achieved in the future.
